. In the present study, we have measured quantitatively the spatial range of neurotrophin effect in synaptic potentiation and examined specifically whether presyn-
. synthesized constituents to the tip of the growing axon An outstanding issue concerning the role of neuroor presynaptic nerve terminals that are distant from the trophins in synaptic plasticity is the synapse specificity cell body. It is also unclear how localized synaptic activof their effects. Is the action of locally secreted neuroity triggers a synapse-specific modification that requires trophins spatially restricted? Gene regulation and prosupplies of newly synthesized components to be localtein synthesis are likely to be required for long-term ized to selective synaptic sites. Local protein synthesis structural and functional modifications of synapses, but at the synaptic site may provide a potential mechanism how does the action of neurotrophin remain synapsefor achieving synapse specificity in activity-dependent specific if global protein synthesis machinery is involved? long-term synaptic modification (Schuman, 1997; StewIn hippocampal slices, BDNF and neurotrophin-3 (NT-3) ard, 1997; Martin et al., 2000; Steward and Schuman, were shown to potentiate synaptic transmission at 2001). The existence of translational machinery, e.g., Schaffer collateral-CA 1 synapses (Kang and Schuman, mRNAs and ribosomes, in dendrites has been reported 1995). Interestingly, blocking protein synthesis in the (Steward and Levy, 1982; Steward and Reeves, 1988;  slices in which the synaptic neuropil was isolated from Steward, 1997) , and local protein translation has been both pre-and postsynaptic cell bodies attenuated the demonstrated in dendrites of cultured hippocampal potentiation effects, suggesting that protein synthesis neurons (Aakalu et al., 2001 ). There is also evidence that in either the dendritic or axonal compartment, or both, is local protein synthesis occurs in developing and mature required for the neurotrophin effect (Kang and Schuman, axons (Davis et al., 1992; Olink-Coux and Hollenbeck, 1996) . In the present study, we have measured quantitatively the spatial range of neurotrophin effect in synaptic potentiation and examined specifically whether presyn-aptic protein synthesis is involved in the potentiation 221% Ϯ 46% (SEM, n ϭ 8 synapses) of the control value obtained before the bead contact. Furthermore, in the effect at developing neuromuscular synapses in culture.
presence of K252a (200 nM), there was no significant change in the mean EPC amplitude after the bead conResults tact (98% Ϯ 10%, SEM, n ϭ 5; see Figure 4B ). The effect of bead contact was presynaptic specific: no change in Potentiation of Spontaneous Transmitter the mean EPC amplitude was observed at 20-40 min Secretion by BDNF Beads after the contact of the BDNF bead with the postsynaptic In 1-day-old Xenopus nerve-muscle cocultures, funcmuscle cell (88% Ϯ 12%, SEM, n ϭ 3). Together with the tional synaptic transmission is established between spiresults on MEPCs, these findings indicate that localized nal neurons and myocytes (Evers et al., 1989) . Bath bead-induced activation of TrkB in the presynaptic axon application of BDNF and NT-3 results in potentiation of close to the synapse was sufficient to potentiate both spontaneous and evoked transmitter secretion from the spontaneous and evoked transmitter release at these presynaptic neuron (Lohof et al., 1993 Figure 1A ). The presence of BDNF on those beads was confirmed by immunostaining with specific polyclonal beads into contact with presynaptic axons at various distances from the synapse. We observed a clear disantibodies raised against BDNF ( Figure 1B ). Miniature excitatory postsynaptic currents (MEPCs) were retance dependence in the action of BDNF beads; the potentiation of both the mean EPC amplitude and mean corded from innervated myocytes by a whole-cell recording method. Within 8-10 min following the contact MEPC frequency was found only for bead contact sites within a distance of about 60 m from the synapse of the BDNF bead, we observed a significant and persistent increase in the frequency of MEPCs ( Figures 1D  (Figure 2 ). An example of a recording for a single bead contact at a remote location of 150 m from the synapse and 1E). Pretreatment of the culture with K252a (200 nM), an inhibitor of receptor tyrosine kinase, abolished is shown in Figure 2B . The restricted spatial range of BDNF action cannot be attributed simply to a limited the changes in MEPCs induced by the BDNF bead (Figures 1D and 1E ), while K252b (200 nM), a compound source of BDNF on a single bead, since we observed no synaptic potentiation when the source of BDNF was which does not inhibit tyrosine kinase at the concentration used, had no effect (n ϭ 6; data not shown). This increased at a site remote to the synapses by placing three or more BDNF beads into contact with the presynis consistent with the previous result (Lohof et al., 1993) that the BDNF effect is mediated through TrkB receptors aptic axon (distance from synapses Ն 90 m) or by locally puffing BDNF (5 g/ml) to the axon (distance in the presynaptic axon. The specificity of the effect of BDNF beads was confirmed by the findings that prefrom synapses Ն 110 m) ( Figure 2D ). The spatial restriction of BDNF action thus reflects not a limited extent of heating BDNF beads at 75ЊC for 45 min abolished the potentiation effect of the bead ( Figure 1E ) and that beads TrkB activation by a single bead, but a spatially restricted range of action of downstream signal cascades coated with bovine serum albumin (BSA) or nerve growth factor (NGF), which is known to have no effect on these triggered by the activated TrkB. Finally, we found no apparent correlation between the degree of synaptic developing synapses (Lohof et al., 1993) , caused no significant increase in the frequency of MEPCs ( Figure  potentiation and the distance between the bead and the soma ( Figure 2E ), suggesting that localized BDNF action 1E). The change in the MEPC frequency appears to represent an enhanced probability of spontaneous quantal may not depend on signaling to or from the soma. Thus locally secreted BDNF at the synapse can produce secretion of acetylcholine (ACh) rather than an elevated postsynaptic sensitivity to ACh. As shown in Figure 1F Figure 2A) . Within 20-40 min after the bead contact, the mean EPC amplitude was dextran (70 kDa). As shown in Figure 3A , we observed 
Pre-versus Postsynaptic Protein Synthesis
To further determine whether pre-or postsynaptic protein synthesis is required for the synaptic potentiation induced by the BDNF bead, we selectively injected gelonin-a membrane-impermeant ribosome-inactivating protein (Stirpe et al., 1980)-into the pre-or postsynaptic cell, together with fluorescently labeled dextran as a marker. When BDNF beads were manipulated into contact with the presynaptic axon near the synapse 2 hr after presynaptic injection of gelonin and dextran, we observed no potentiation of spontaneous ACh release (Figures 6Aa and 6B ). In contrast, postsynaptic injection of gelonin and dextran did not affect the potentiation of spontaneous ACh release induced by the BDNF bead (Figures 6Ab and 6B) . Injection of fluorescent dextran alone into either the pre-or postsynaptic cell also had no effect on the BDNF-induced potentiation ( Figure 6B ). Thus, presynaptic protein synthesis appears be required for BDNF-induced synaptic potentiation.
Protein Synthesis Is Required for Synaptic Potentiation in Transected Axons
Previous studies on these Xenopus cultures have shown that synaptic potentiation by bath-applied BDNF does not require signaling to and from the presynaptic soma, whereas that induced by ciliary neurotrophic factor does (Stoop and Poo, 1995) . This is consistent with our present finding that there is no clear correlation between the degree of synaptic potentiation and the distance of the bead from the soma ( Figure 2E ). These findings suggest that local signaling and protein synthesis in the axon may be sufficient for the BDNF action. To directly test the role of local protein synthesis, we examined the effect of BDNF beads on synaptic efficacy after transection of the axon near the soma with a sharp micropipette ( Figure 7A ). Immediately after the transection, spontaneous ACh secretion exhibited a transient increase, presumably due to a surge of Ca 2ϩ influx at the injured site, and then gradually subsided to a normal level ( Figure  7A ). In these experiments, only synapses with long axons (Ն100 m) were used, and the "cut loose" axons were allowed to recover for 2 hr before a BDNF bead (10 g/ml) did not affect the potentiation induced by the 
Discussion The Presence of Translation Machinery in the Axon

To investigate the distribution of RNAs and ribosomes
In this study, we have examined the role of axonal protein synthesis in BDNF-induced synaptic potentiation in these neurons, we used a membrane-permeable dye, SYTO 64, that fluoresces on binding to nucleic acids of Xenopus neuromuscular synapses in culture, using beads covalently coated with BDNF. We find that (1) and an anti-ribosomal P antigen antibody that recognizes three protein components (P0, P1, and P2) of the synaptic potentiation induced by local application of BDNF to the presynaptic axon is spatially restricted to 60S subunit of the ribosome. As shown in Figure 7C 
